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Abstract 
During the last years, the world avocado trade is on the rise, however, approximately 20% of the 
production is rejected for low caliber. This avocado discarded by low caliber can be used in the 
elaboration of other products, to give it added value. The objective of this study was to determine the 
shelf life of Hass avocado oil, type of discard, obtained by: (a) Drying by stove/Soxhlet (b) 
Lyophilized/Expeller. For the physicochemical characterization of the oil, density, melting point, acidity 
index, refractive index, iodine index and peroxide index were determined. The induction time was carried 
out by the RANCIMAT method, for which three temperatures of 140 °C, 160 °C and 180 °C were used and 
the shelf life of the oil was obtained by extrapolation at 25 °C. The results indicate that there is a 
significant statistical difference in the physicochemical characteristics of both oils. The shelf life was for 
the oil obtained by drying stove/Soxhlet 5.94 years and for the oil obtained by freeze-dried/Expeller 4.41 
years, since both oils had a high content of unsaturated fatty acids 16.98% and 17.12%, respectively. In 
conclusion, it is possible to reduce post-harvest losses by obtaining avocado oil with high nutritional and 
functional qualities. 
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1. Introduction 
 
The fresh avocado has acquired in recent 
years’ great importance in international 
consumption. Mexico is the world's leading 
avocado exporter and represents around 
45% of world exports. The second place is 
occupied by Peru with 179 thousand tons 
corresponding to 12.7% of the total. Exports 
in 2017 totaled 558 million dollars (Koo, 
2017), consolidating Peru as one of the main 
suppliers of avocados to the United States 
and the European Union (MINAGRI, 2015). 
Production as the export of avocados is on 
the rise and brings with it a progressive 
increase in the volumes of discard type fruit, 
which is sold in the national markets at lower 
prices. The industrialization of these rem-
nants becomes an increasingly important 
alternative for its use. The avocado is raw 
material rich in oil, so the extraction and 
production of it can be considered as an 
interesting option. Avocado oil extracted 
from ripe fruits has a high oleic acid content, 
which constitutes a safe and healthy food, in 
addition to containing vitamin E (α 
tocopherol), 10.11 mg/100 g, which behaves 
as a protective agent against oxidation, 
increasing the shelf life of the product 
(Nwaokobia et al., 2018, Betancur et al., 
2017). The evaluation of the shelf life of 
vegetable oils is important in the food 
industry because it ensures the quality and 
safety with which the product will be 
distributed. Tests of accelerated storage by 
static and dynamic methods allow estima-
ting the shelf life of oils. Static methods such 
as peroxide index allow periodic detection of 
product oxidation due to oxidation, and 
dynamic methods such as RANCIMAT mea-
sure oxidation induction time, and it is more 
reliable, reproducible and time-consuming 
(Aktar and Adal, 2019). 
Landeo (2019) used the static method to 
estimate the shelf life of aguaje (Mauritia 
flexuosa) oil. The oil was extracted by the 
press and stored in amber bottles for five 
days at 45 °C, 55 °C and 65 °C.  
The peroxide index was evaluated during 
the storage days. The Arrhenius mathema-
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tical model was used to determine the rate 
of deterioration of the oil concerning for to 
temperature, extrapolation was performed 
at 18 °C. This resulted in 272 days of product 
shelf life (Iparraguirre, 2019).  
Iparraguirre (2019) evaluated the shelf life of 
sacha inchi oil by the dynamic method. The 
oil was extracted by cold pressing and 
subjected to RANCIMAT at 70 °C, 80° C, 90 
°C and 100 °C. The results showed that the 
shelf life of sacha inchi oil was 0.12 years. 
Another similar study was carried out by 
Aktar and Adal (2019). Avocado oil was 
extracted by centrifugation and subjected to 
RANCIMAT at temperatures of 100 °C, 110 
°C, 120 °C, 130 °C and 140 °C. The results 
showed that the shelf life of avocado oil was 
210 days. The scientific literature presents 
little information on studies carried out in 
determining the shelf life of avocado oil, for 
this reason, the present study was carried 
out, whose objective was to obtain and 
physicochemical characterize the Hass 
avocado oil type discarded by the cold and 
hot method, to obtain a product with optimal 
quality conditions and with beneficial 
components of the Health. 
 
2. Materials and methods 
 
In the present investigation, samples of avo-
cado Hass type discarded were donated by 
the municipality of Cascajal, Ancash-Peru. 
 
2.1. Extraction of Hass Avocado Oil 
The Hass avocado pulp discarded by low-
caliber was subjected to the extraction of oil 
by the cold and hot method as shown in 
Figure 1, respectively. 
 
2.2. Physicochemical Characteristics 
The chemical characteristics evaluated 
were: Peroxide index (PI) according to the 
AOCS method Cd 8-53, Acidity index (AI) 
according to the method of ISO 660: 2009; 
Iodine index (II) using the Wijs method, 
following AOAC 993.20 (1995). The physical 
characteristics evaluated were: Relative 
Density (RD) using the pycnometer method 
according to the CODEX, Refraction index 
(RI) was carried out following the method 
AOCS-Cc 7-25 (1998). The Rudolph 
Research brand digital refractometer 
(Model J157) was used, Melting Point (MP) 
was carried out following the closed 
capillary method, regulated by INEN 0474: 
1980, and Instrumental Color by the CIELAB 
method, using a digital colorimeter KONICA 
MINOLTA (CR-400T). The fatty acids 
composition was determined according to 
the Fames method, AOAC 991.39 (2003). 
 
2.3. Oxidative stability and shelf life of 
avocado oil 
The determination of the shelf life was 
carried out using the extrapolation method 
at the usual storage temperature (25 °C). 
Each analysis was performed in triplicate, 
using the equipment Rancimat, Metrohm 
743 brand, where 3g of the sample was 
subjected to temperatures of 140, 160 and 
180 °C for both types of oils, at a constant 
airflow of 20 L / h (Nakatane et al., 2001).  
 
2.4. Statics Analyses 
The analyses were performed in triplicate, 
and the results were treated statistically by 
calculating means and standard deviations. 
Analysis of variance (ANOVA) and Tuckey 
test were performed to compare means in 
both oils and determine if there are 
significant differences between the results 
for each analysis (RD, RI, AI, II, PI, MP and 
instrumental color) for this the Stat Graphics 
Centurion software (version 2014, USA) was 
used. The differences were considered 
statistically significant at a level of p < 0.05. 
 
Figure 1. Scheme of extracting avocado oil. 
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3. Results and discussion 
 
Table 1 shows the results of the physical and 
chemical characteristics of oils obtained by 
the cold method (CMO) and by the hot 
method (HMO), respectively. Except for 
color, characteristics such as RD, RI, MP, 
AI, PI and II showed statistically significant 
differences in both treatments. 
 
3.1. Determination of relative density (RD) 
The value obtained from the HMO, 0.81 (20 
°C / water at 20 °C), was lower compared to 
virgin olive oil (0.91 - 0.92) (Codex Stan 
210:1999) while that of the CMO, 0.95 (20 °C 
/ water at 20 °C), was higher. The value 
obtained from the CMO was lower compared 
to virgin olive oil (0.91-0.92) (Codex Stan 
210:1999) while that of the HMO was higher. 
Also, the Mexican technical standard, NMX-
F-052-SCFI: 2008, indicates values for 
avocado oil between 0.91 and 0.92, so both 
oils are outside the limits established by this 
technical standard. According to Lewis 
(1993), density is a parameter that is directly 
related to molecular weight, and indirect to 
the degree of unsaturation of the sample. As 
the CMO presents greater density, it can be 
inferred that it presents a higher degree of 
unsaturation than the HMO. This low HMO 
unsaturation can be due to the thermal 
degradation suffered by unsatura-ted fatty 
acids when exposed to high extraction 
temperatures (Reda, 2011). 
 
3.2. Refraction index (RI) 
Concerning RI, HMO has a lower value 
compared to other oils of similar 
composition, such as olive oil (1.46 - 1.47 at 
20 °C) (Codex Stan 210:1999). Similar data 
were reported in Hass avocado oil obtained 
using petroleum ether as a solvent by 
Guzman et al. (2008) and González (2009), 
these refraction indexes were 1.47 and 1.48, 
respectively. For oils extracted in cold, the 
Mexican technical standard, NMX-F-052-
SCFI: 2008, indicates RI values between 
1.45 - 1.46 (40 °C) and Guzman et al. (2008) 
RI values of 1.47 (25 °C). The latter was 
similar to the one obtained in the CMO. The 
RI values in an oil sample are related to the 
degree of unsaturation and the Cis/Trans 
ratio of the double bonds (Gutierrez et al., 
2011). Its value can be altered by the 
oxidation of fatty acids (Hamilton and 
Rossel, 1987), so it can be inferred that the 
HMO, having a higher RI value than the CMO, 
was influenced by the extraction method 
and that during its measurement the oil had 
some oxidation of fatty acids. 
 
3.3. Determination of the Melting point (MP) 
The value obtained from HMO, 15 °C, is high 
compared to virgin olive oil (5 °C – 12 °C) 
(Codex Stan, 210:1999) while the CMO, 12 
°C, shows a value within the range. Accor-
ding to Nwaokobia et al. (2018), the melting 
points of fatty acids present in an oil 
increase with the length of the chain and 
decrease with an increase in the establish-
ment. The presence of impurities in the oil 
also alters the MP, so this constant 
constitutes a good criterion of purity. 
Unsaturated fatty acids generally have 
lower melting points than saturated fatty. 
Therefore, it is inferred that CMO retains a 
greater amount of unsaturated fatty acids 
than HMO.  
 
3.4. Color determination 
In HMO, a* value, being negative and found 
between the values of 0 and -10, shows a 
tendency to dark green. The value presen-
ted by b* shows a tendency to yellow. Both 
trends to the green and yellow color are 
typical of avocado oil which makes it very 
attractive to the eye of the consumer. Reed 
(2001) concluded that avocado oil, unlike 
olive oil, has higher levels of chlorophyll, so 
the oil will always show a tendency to green. 
As for the chroma, the HMO presented a 
greater value (46.29) compared to the one 
obtained in CMO (39.83), although both 
belong to the second quadrant between the 
green and yellow tones, the latter has a 
greener shade than the other.
 
Table 1 
Physical-Chemical characteristics of HMO and CMO oils 
 
Physical chemical characteristics  Unit 
Oils 
HMO CMO 
Relative Density  20 °C/water a 20 °C 0.81 ± 0.00a 0.95 ± 0.00b 
Refraction Index  1.44 ± 0.01a 1.47 ± 0.00b 
Melting Point  °C 15 ± 0.00a 12 ± 0.00b 
Color    
L  49.08 ± 0.03a 48.72 ± 1.11a 
a*  -6.12 ± 0.02a -9.92 ± 1.58a 
b*  45.89 ± 1.02a 38.57 ± 6.17a 
C*  46.29 ± 1.01a 39.83 ± 6.36a 
h°  97.60 ± 0.17a 104.43 ± 0.59b 
Acidity Index  mg KOH/g oil 0.91 ± 0.09a 0.62 ± 0.07b 
Iodine Index  cg I2 / g oil 80.76 ± 3.11a 106.25 ± 1.50b 
Peroxide Index  meq de O2/kg 19.18 ± 0.21a 10.45 ± 0.75b 
* Results presented and average values ± SD. L: Brightness; a: red/green; b: blue/yellow; C*: Chroma; h°: hue angle. Different letters indicate 
a significant statistical difference between the means of the treatments according to the Tukey test at a significance level of 0.05. 
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According to Muños-López et al. (2018) 
chroma may increase during the lyophili-
zation process of the plant material and 
consequently in the final product. This 
indicates the concentration of chlorophyll 
and other pigments contained in the 
avocado, compared with samples dried with 
collective heat. Concerning for to the 
brightness values and chroma in CMO, they 
showed values of less than 48.72 and 39.82, 
respectively. The mean value of a* was -
9.92, which shows a tendency to the green 
color and the value of b* to the yellow color 
resulting similar to the oil obtained by the 
hot method. The hue angle (h°) was greater 
(104.43), which corresponds to a green 
color than that obtained by the hot method. 
According to Badui (2006), the color of the 
food is due to different compounds, mainly 
organic or natural pigments that when sub-
jected to thermal treatments generate sha-
des ranging from a light yellow to an intense 
coffee, through the Maillard reaction (Bra-
verman, 1988; Yaylayan, 1990) and carame-
lization, on other occasions, the pigments 
they contain change and change color. 
 
3.5. Acidity index (AI) 
The acidity results of the CMO (0.91 ± 0.09 
oleic acid mg KOH / g oil) are similar to those 
reported by the CODEX STAN 210: 1999, for 
olive oil (0.3 - 0.6 oleic acid mg KOH / g oil) 
while the HMO shows a value outside the 
range. For the Mexican technical standard, 
NMX-F-052-SCFI: 2008, the acidity obtained 
by both oils is within the established range 
(0.1 - 1.5 oleic acid mg KOH / g oil) as well as 
the Brazilian legislation that allows a 
maximum acid value of 4.0 mg KOH / g for 
any type of vegetable oil obtained by pre-
ssing (ANVISA, 2005). Peruvian legislation 
does not have any specific regulations for 
avocado oil. The comparison of the AI 
between both samples of oils, the HMO 
presented greater value than the CMO that 
can be due to the alteration in the concen-
tration of hydrogen ions, due to an initial 
process of decomposition (Instituto Adolfo 
Lutz, 2008) as the hydrolytic rancidity that 
causes the release of fatty acids (Badui, 
2006). 
 
3.6. Iodine index (II) 
For II, the result obtained from the HMO was 
similar to that obtained by Restrepo et al. 
(2002) that reported values of 77.85 cg I2 / g 
oil using hexane as solvent. Also, the value 
obtained is within the maximum limit esta-
blished by the Mexican Technical Standard, 
NMX-F-052-SCFI: 2008, 80-90 g I2 / g oil. The 
higher the iodine index, the lower the pre-
sence of saturated fatty acids (Calabrese, 
1992) since it is a measure of the state of 
non-saturation of lipids. According to the 
above, the CMO preserves the greater 
amount of unsaturated fatty acids as oppo-
sed to HMO as well as a greater predispose-
tion to present oxidative reactions that 
deteriorate the oil (Jimenez et al., 2011). 
 
3.7. Peroxide index (PI) 
Concerning for to the PI, both oils obtained 
a value within the range established by 
CODEX STAN 210: 1999, for virgin olive oil (≤ 
20 meq de O2/kg). However, according to 
the Mexican Technical Standard, NMX-F-
052-SCFI: 2008, avocado oil should have a 
maximum value of 10 meq de O2/kg 
compared to the values obtained, these 
were relatively higher (CMO: 10.45 and 
HMO: 19.18 meq de O2/kg). The PI values 
close to 10 presented by both oil samples 
may be due to the high degree of unsatura-
tion that avocado oil presents, which 
influence the speed of oxidation since the 
unsaturated fatty acids when they are free 
are oxidized in general faster than saturated 
fatty acids (Velasco et al., 2004). 
Saturated fatty acids are only oxidized at 
temperatures above 60 °C, while polyunsa-
turated acids are oxidized even during the 
storage of frozen food (Martinez, 2008).  
 
3.8. Fatty acids composition 
Table 2 shows the results of the fatty acid 
composition of oils obtained by the cold 
method (CMO) and by the hot method (HMO), 
respectively.  
The HMO consists mostly of saturated fatty 
acids, while the CMO consists mostly of 
unsaturated fatty acids. In the case of HMO, 
oleic acid (18: 1 w9) represents more than 
35% of the totality while the arachidonic acid 
(20: 4 w6) reaches 20%. The CMO is made up 
mostly of oleic acid, more than 40%, while 
the arachidonic acid is less than 20%. 
Saturated fatty acids are present in both oils 
in a very similar proportion to that of 
unsaturated fatty acids. 
 
Table 2 
Fatty acid Composition of HMO and CMO oils 
 
Type of Fatty Acids Fatty Acid Unit Concentration (HMO)  Concentration (CMO) 
Saturated 
Palmitic Acid % (g/100 g) 28.4  26.45 
Heptadecanoic Acid % (g/100 g) 14.43 13.58 
Unsaturated Oleic Acid % (g/100 g) 39.73 42.99 
Poly Unsaturated Arachidonic Acid % (g/100 g) 17.12 16.99 
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Olaeta et al. (1999) report that oleic acid 
varies between 48.4 and 66.8% for avocado 
oil Hass variety, this value is close to that 
obtained by Human (1987), which indicates 
that the relative percentage of oleic acid in 
avocado Hass, is around 70.5%. The 
concentration of oleic acid obtained in the 
present investigation was 39.73%. These 
obtained concentrations can be attributed 
to the state of development of the fruit, 
which influences the variation of the lipid 
content (Pérez et al., 2005). 
The second most important acid is arachi-
donic acid. The CMO presents high levels of 
polyunsaturated fatty acids (16.99%) unlike 
olive oil (10.66%), but lower than sunflower 
oil (61.39%) (Blanco et al., 2006). 
The arachidonic acid has twenty carbons in 
its structure and belongs to the family of ω-
6; according to Valenzuela et al. (2011) 
these compounds play critical roles in the 
structure of cell membranes and the 
immune system of the human body, so they 
are essential for the body and should be 
included in the diet. 
There was no presence of linolenic acid in 
the avocado oils obtained (Table 2); accor-
ding to Mataix and Gil (2002), the avocado oil 
contains a low amount of this unsaturated 
acid. 
 
3.9. Shelf Life of avocado oil 
 
Table 3 shows the shelf life of avocado oil 
(HMO and CMO) estimated at 25 °C by 
extrapolation (Figures 2a and 2b), as well as 
the comparison with other vegetable oils.  
The shelf life of CMO was relatively shorter, 
compared to the HMO, due to the high 
degree of chemical reactivity presented by 
its unsaturation. When comparing the 
results with those obtained in other 
vegetable oils (Table 3), it can be observed 
that the avocado oil had a longer shelf life 
than the sacha inchi, Mauritia flexuosa oil 
and cottonseed oils. This difference can be 
attributed to the higher percentage of 
polyunsaturated acids present in 
cottonseed and sacha inchi oils, which are 
41.6% (Alemayhu et al., 2019) and 33.9% 
(Castaño et al., 2012), respectively, while 
the avocado oil (CMO) extracted in the 
present study obtained approximately 17%. 
According to Landeo (2019), polyunsa-
turated fatty acids are less stable than 
monounsaturated acids due to the presence 
of more than two unsaturation, which makes 
oxygen easily absorbed by the oils. 
 
Table 3 
Shelf life of HMO and CMO oils, and its comparison with 
other vegetable oils 
 
Sample 
Shelf 
life 
(years) 
Method References 
HMO oil 5.94  Rancimat This research 
CMO oil 4.41 Rancimat This research 
Olive oil 1.85 Rancimat 
Farhoosh et 
al. (2013) 
Peanut oil 0.87 
Peroxide 
analysis 
Alemayhu et 
al. (2019) 
Cottonseed  
oil 
0.78 
Peroxide 
analysis 
Alemayhu et 
al. (2019) 
Mauritia 
flexuosa oil 
0.74 
Peroxide 
analysis 
Landeo 
(2019) 
Sacha 
Inchi oil 
0.25 
Peroxide 
analysis 
Iparraguirre 
(2019) 
 
Olive oil and peanut oil have lower 
polyunsaturated content but higher 
monounsaturated content than sacha inchi 
oil and cottonseed oil, 56.82% and 46.2%, 
respectively (Alemayhu et al., 2019). The 
avocado oil obtained in the present study 
showed 42.9% of unsaturated fatty acids 
and 40.3% of saturated fatty acids, presen-
ting greater stability than the vegetable oils 
mentioned above and therefore a longer 
shelf life. 
According to Zambrano-Herrera et al. 
(2017), the PI in an oil sample decreases the 
shelf life of the oil. However, the values 
obtained from IP and shelf life do not show a 
direct relationship. This, probably at Ranci-
mat oxidation that generates an immediate 
appearance of primary and secondary 
compounds that cannot be fully detected by 
a peroxide analysis (Rodriguez et al., 2015). 
 
 
Figure 2. (a) Extrapolation at 25 °C of the shelf life of the HMO. (b) Extrapolation at 25 °C of the shelf life of the CMO. 
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The shelf life of an oil decreases during 
storage due to the degradation of its 
compounds that can be due to factors such 
as light, temperature, presence of oxygen 
and the high amount of unsaturated fatty 
acids. Oxidations are mainly carried out in 
these fatty acids than in saturated oils that 
are oxidized from 60 °C and polyunsaturated 
oils that are oxidized even when frozen 
(Pereyra et al., 2009). 
 
4. Conclusions 
 
Four fatty acids were found for both HMO 
and CMO; however, the CMO showed a 
lower percentage of saturated fatty acids 
and a higher percentage of unsaturated 
fatty acids, especially oleic acid, than the 
HMO. The convenient ingestion of this 
unsaturated fatty acid provides healthy 
characteristics for the human being. 
The Shelf life, measured as a function of the 
oxidative rancidity, of the CMO was 4 years 
while that of the HMO was 5 years, inferring 
a high antioxidant capacity and high 
stability. The physicochemical characteris-
tics of the CMO as acidity index, melting 
point and refractive index are within the 
acceptable ranges according to the 
international food standards for vegetable 
oils and the Mexican technical standards for 
avocado oil. In the HMO, only the acidity 
index is within these ranges. 
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